Abstract. For a long time, China's energy consumption structure is relatively simple, the total amount and scale of coal consumption in Hebei Province ranked the forefront of China, while the carbon emission and energy consumption structure have great relevance, the regional haze problem is serious, energy saving and emission reduction task is arduous. Therefore, the energy consumption structure of Hebei Province needs to be optimized urgently. In this paper, the carbon pinch point method is used to find the minimum clean energy consumption and various fossil energy consumption, which carries on the optimization to the energy structure in Hebei Province.
Introduction
Since China's energy consumption structure is relatively single, the proportion of coal consumption accounted for the proportion of total energy consumption remained at 68%-77%, the proportion of clean energy has been less than 12%. Hebei Province is a big province of China's energy production and energy consumption, and the total energy consumption ranks the second in China, unreasonable energy consumption structure is significant, the proportion of coal consumption accounted for 88% of energy consumption, high proportion of fossil energy use, which make atmospheric pollution caused by carbon emissions more severe. The proportion of fossil energy consumption is high, while the proportion of clean energy consumption is low. In 2012, there is an amount of 313.59 million tons of coal consumption in Hebei Province, which accounted for 88.8% of total energy consumption, 22.2 percentage points higher than the whole nation. A large number of coal consumption not only has a serious impact on the atmospheric environment, but also make the economic transformation face enormous pressure. At the same time, the extensive mode of coal consumption, clean and efficient use of low level. All these problem further aggravate the environmental problems caused by energy consumption, so the bottleneck of resource environment of the economic and social development in Hebei Province is more prominent.
The proportion of industrial sector energy consumption is kind of large. The energy consumption of secondary industry accounted for 81.3% of the total energy consumption in Hebei in 2011, of which the industrial sector energy consumption accounted for 74.5%. Compared with other Chinese provinces and cities, the proportion of energy consumption industries in Hebei Province is higher, industrial structure is irrational, there is excess capacity.
High dependence on outside energy supplies. Currently, in Hebei province, 80.7% of coal, 64% oil, 83.9% of natural gas, 24.9% of electricity demand supply outside the province, which is expected to total energy consumption in 2017 will reach 352 million tons of standard coal, all kinds of outside energy dependence will continue to increase, uncertainties security of energy supply is increasing.
The main factors that affect the structure of energy consumption in Hebei province include the level of economic development, industrial structure, energy endowment, environmental pressure and regional openness. In the economic system, any variable can be affected by many factors, the energy consumption structure as well. According to the level of economic development in Hebei Province, energy endowments and other characteristics, meanwhile we learn from the existing research results, we believe that the factors that affect the energy consumption structure of Hebei province include: industrial structure, energy endowment and environmental constraints. Overall, the adjustment of industrial structure in Hebei Province increased energy consumption, mainly because the proportion of secondary industry in Hebei Province in recent years has been higher, a higher proportion of resource processing industry and heavy industry, so the region of high energy consumption. Energy endowments determine the congenital energy consumption structure of region, the coal supply in the region a higher degree of dependence, and other energy supply is insufficient, which will inevitably lead to the energy structure emphasis on coal consumption, serious imbalances. Recently, environmental constraints has become very important under national strategy of energy conservation and emission reduction, which will be forced to change the energy consumption structure.
Carbon Pinch Method and Energy Planning Model
Carbon pinch point analysis method through high-carbon emissions and clean energy sources (visual as zero energy carbon emissions) alternative to achieve the carbon emissions targets. Research that clean energy and high carbon energy alternative, involved in that social efficiency, economic development stage and mineral resources as the main variables of an integrated model of energy substitution proposed by Msrchetti in 1977. He believes the energy conversion process between energy and each other very orderly, but alternative process more slowly. Zhang Yuzhuo and others verified the possibilities of alternative energy in certain excitation, and he also believes that energy can coexist in the same market at the same time.
Carbon pinch point analysis can be used to solve the alternative energy problem by linear programming model. Under the constraint of carbon emission, the linear programming can be expressed as the minimum amount of clean energy in a certain region, the total amount of energy and CO2 emission limits, and the minimum amount of clean energy.
The energy alternative under carbon emission constraints is expressed as follows: The objective function: min Z, namely to obtain clean energy supply to meet the minimum amount of regional energy demand.
Restrictions: Energy supply balance:
Demand for energy balance:
Carbon emissions limits:
Non-negative restrictions:
S i is supply of energy i; D is the total energy demand in the region; W i is the remaining supply amount of energy i; F i is the supply of energy i meet regional energy needs; Z is the amount of clean energy meet the energy needs of the region; L is a regional CO2 emissions constraints; C out,i is the supply of energy i emission factor; C in is the regional energy demand emission factor, C in = L / D.
Carbon pinch point analysis steps are as follows: Firstly, according to energy demand and CO2 emissions limits, draw complex energy demand curve, draw complex energy supply curve according to the energy supply and CO2 emission levels; secondly, the two composite curves superimposed on the same coordinate system, horizontally move energy supply curve shifted to the right so that the right-most curve of energy supply and energy demand curves intersect, the intersection point is the carbon pinch point. The horizontal distance between initial position and the after-moving position of energy supply curve meets the amount of clean energy within regional emissions limits.
Optimization of Energy Consumption Structure Based on Carbon Pinch Technology

Forecast of Energy Consumption and Carbon Emissions in 2020 in Hebei Province
Forecast of energy demand in 2020 in Hebei Province
Establish the relationship between energy consumption and GDP, and use energy consumption elasticity forecast total energy consumption in 2020 in Hebei Province. The relationship model of energy consumption and GDP are as follows:
E is the total energy consumption (million tons of standard coal); G is GDP(100 million); a is the coefficient; b is the energy consumption elasticity; £ is a random error term. The unit root test for the two variable stability shows that the ADF value of the second order difference is less than the critical value of the 5% level, which indicates that the two variable is stable. Considering the "new normal" of economic growth, this paper assumes that the average annual growth rate of GDP in Hebei Province during the period of 2015-2020 is 7%. According to Eq. 5, and take 2014 as the base year, GDP is 2.94212 trillion yuan, 2020 GDP in Hebei Province will be 4.4152 trillion yuan. Energy consumption is forecast to be 383.2 million tons of standard coal that convert into 11.2 million TJ of calorific value.
Combined with actual energy consumption structure 2013 in Hebei Province, we set the proportion of coal consumption in 2020 accounted for 75% of Hebei Province, the proportion of oil consumption accounted for 10%, natural gas consumption accounted for 6%, the proportion of clean energy accounted for 9%. Thus can be the energy demand forecast in 2020 in Hebei as shown in Table 2 . According to research needs, this paper argues clean energy for all energy sources other than coal, oil, natural gas, energy and deemed zero carbon emissions. According to China and Hebei Province planning objectives, we take 2012 as the base period, the carbon intensity is 0.96 tons of standard coal/million yuan, according to the energy-saving targets, we assume that by 2020 carbon intensity decreased by 20% compared to 2015, 2020 to give final carbon intensity is 0.69 tons of standard coal/million, then multiplying the previous forecast for 2020 GDP plus cement production and carbon emissions by 245.8 million tons, and finally get the total amount of 795.61 million tons of carbon emissions constraints.
Empirical Analysis of Energy Consumption Structure Optimization under Carbon Constraint
By the 2020 energy demand forecasts and carbon emission factors for each energy in Hebei Province, the amount of the 2020 supply energy and CO2 emissions in Hebei Province can be calculated (Table  3) . Table 3 draw energy demand reflects the complex relationship between energy supply and demand in 2020 and the level of carbon emissions Hebei curves and complex energy supply curve ( Fig. 1 and Fig. 2 ), each part of the slope of the curve for the CO2 emission factor, according to size values are arranged from low to high. It can be seen from the figure, the predictions of the 2020 energy supply emission level is 91918.5 million tons, compared to 795.61 million tons of carbon constraint goals high. Therefore, the need to increase the proportion of clean energy alternative to high carbon energy, which meets the demand for energy, also taking into account the abatement costs and carbon emission constraints. Horizontal movement of the complex supply curve and complex demand curve intersection point is as carbon clip point (Fig. 3) . Carbon pinch point coordinates is 1120.679561 that indicates Hebei energy demand 11,206,000 TJ, carbon emissions is 795.61 million tons, which achieved the 2015 emission reduction target of 18%. Complex supply curve horizontal moved distance is to meet the constraints of Hebei Province carbon emissions required clean energy 1093200 TJ, while reducing the proportion of coal consumption to 65.7%.
Optimal Path Based on Empirical Results
Based on carbon pinch technology for clean energy instead of high carbon energy can reduce cabon emission to the greatest extent, which achieve carbon emission reduction targets in 2020 and clean energy will increase to 19% in the proportion of energy consumption, coal consumption will reduced to 65% approximately. In Hebei Province, compared to the clean energy accounted for less than 4%,the energy consumption structure accounted for about 85%,the energy consumption structural adjustment pressures of Hebei Province is huge, and difficulties. In the future, Hebei province should implement the following measures to improve energy consumption structure. (1) Vigorously develop nuclear power; (2) Accelerate the construction of special high-voltage transmission channels; (3) Increase the supply of natural gas, expanding outside the gas source and scale; (4) Accelerate the development of distributed energy.
